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^ ' Abstract 

t— i ; 

We have studied the closed universe model with the variable cosmological term, which is presented as a 
sum of two terms: A = Ao — kR . First term Ao is a constant and it is describing a sum of quantum field's 
' zero oscillations. In the geometrical sense it determines an own constant curvature of the space-time. The 

second term is variable, it is proportional to curvature of the space-time and can be interpretable as response 
of vacuum to curvature of the space-time. In the framework of such model we have investigated the time 

IT) ! 

i dynamic of A— term and try to explain a mechanism which to give rise to a large value of A hence leading 

i to the "cosmological constant problem". It was studied models for different dark matter equation of state: 

p — and p = e. It was shown that the presence of a variable A— term alters the evolution of the scale factor 

5—( , 

(3JT), a in the very early epoch. In the context of this model, a severe decrease of the module of vacuum energy 

^ , density at the primitive stage of Universe's development is explained. The numerical results for the value of 

•i-H . 

, the A-term agree with theoretical predictions for the early epoch and with recent observation data. 

.Si 

1 Introduction 

Recent observation of Type la supernova (based on high red-shift supernova) (TJ- [HJ and struc- 
ture formation models indicating an accelerating universe have once more drawn atten- 
tion to the possible existence of a small positive cosmological A— term. As well known, A-term 
can produce the field of anti-gravity that causes the cosmological expansion to accelerate (see, 
for example (6j). At a theoretical level a cosmological term is predicted to arise out of zero-point 
quantum vacuum fluctuation of fundamental scalar, spinor, vector and tensor fields. Although 
a theoretical predicted value of the energy density of vacuum usually appears to be much larger 
than current observation limit pj. One method of resolving the dilemma between a very large 
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cosmological term, predicted by field theory and an extremely small one, suggested observation 
with obvious advantages is to make the cosmological term time-depended. 

At the present moment there are several models with variable A-term and next evolutionary 
relation for A-term [2|: 

A~t" 2 , A ~ t~ a , A ~ A + Bexp(-at), A ~ a" 2 , A ~ T a , A ~ a~ a , 

A-exp(-aa), A ~ H 2 , A ~ H 2 + Aa~ a , A ~ f(H), ^ ~ g(A, H) 

where a is the scale factor, H is the Hubble parameter, T is the temperature, t is cosmic time, 
A, B, a are the constants. However the most of these models are not necessarily backed by 
strong physical arguments and does not lead to adequate physical results. 

In this work we have studied the closed universe model with variable cosmological term 
which is presented as a sum of two terms. We assume that 

A = A - kR (1) 

where Aq, k are constants, R is scalar curvature of space-time on the basic next physical 
arguments. As well know Einstein's equations can be derived from the action |H] 

A r i r 



A = J R V~9 d x + - J L mat(<P, d u (p)yf^gd x, 

where L ma t is the Lagrangian for matter depending some dynamical variables generically denot- 
ed as ip. The variation of this action with respect to these variables (p will lead to the equation 
of motion for matter in a given background geometry, while the variation of the action with 
respect to the metric tensor g a p leads to the Einstein's equations: 

p 1 p _ SttG 

ttafi — 7^9af3 K — — — J-ap- 

Ju C 

As is well known (see for example |2j), the consideration a new matter action L ma t = L ma t — -^j 

c 4 

where A is constant, does not lead to change of the equation of motion for the matter under 
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this transformation, but the action will picks up an extra term proportional to A : 

c 4 f If Ac 4 

A = -— ^ / R\^gd 4 x + - / (L mat - ■ rT ^)V^gd 4 x = 
167tG J c J 8-kG 

= TtT~n f( R - ^)V=9d 4 x + - [ L maty ^d 4 x (2) 

107T(jr J C J 

and Einstein's equations gets modified - the "A-term"appears. The physical interpretation of 
A-term depending which of the two forms of the equation (j2J for the action is used. According to 
choice words somebody, the cosmological constant has the many faces. The first interpretation, 
based on the first line of equation (J2J), treats A as the shift in the matter Lagrangian or, the 
same, the shift in the matter Hamiltonian. Such a constant shift in the energy does not affect 
the dynamics of matter, while gravity, which couples to the total energy of the system, picks up 
an extra contribution in the form of a new term in the energy-momentum tensor, and Einstein's 
equations can be write in such form: 



„ 8ttG ,„ c 4 



Ra(3 - ^9a(iR = — —{Tap + -^^kg a p). 



In such interpretation introducing the cosmological term is like introducing a cosmological 

c 4 

vacuum with energy momentum tensor T"2 C given by T~"f, c = — -^^9aP- I n other words - if 

p p 8ttG 

the vacuum has energy it also gravitates. The quantum field theory proves that vacuum has 
energy [H] and what is more quantum field theory in curved space-time predicted that the 
density energy of vacuum is proportional to scalar curvature in curved space-time 
However, numerical calculations of the vacuum energy density in this case, with account for 
radiative corrections, lead to divergence even in the single-loop approximation [TT]. All these 
results were obtained in a continuous space-time. The situation changes drastically if one recalls 
that, as was shown by P.Fomin [12], taking into account self-gravitation makes the physical 
vacuum unstable relative to the "decay "into a set of long-living coupled "Planck cells". Every 
"Planck cell"represents a microscopic closed universe with zero total energy. In other words, 
taking into account self-gravitation of vacuum fluctuations leads to a discrete (lattice) structure 
of the vacuum at Planck sizes. Each such configuration has zero total mass, charge, and energy, 



but a nonzero multipole momentum, which leads to a gravitational coupling between "Planck 
cells", and therefore to their curving. A curving at the level of Planck cells causes the appearance 
of a nonzero finite vacuum energy, proportional to the scalar curvature (the vacuum energy 
must be Lorentz covariant!). Hence, within such an approach one can assume that accounting 
for self-gravitation of vacuum fluctuations leads to a discrete (quantized) contribution to the 
scalar curvature and the vacuum energy density is proportional to the scalar curvature: A ~ R. 

This approach, in an interesting way, is in accordance with an idea once expressed by 
A.D.Sakharov [TH], who suggested to treat scalar curvature as the rigidity of space-time. 

So, in this interpretation we assume that 

p x x 

where x = — j- . The parameter k makes a sence of space's elastic, Ao responds to the sum of 

c 4 

quantum field's zero-fluctuations. 

On the other side the second line in equation (|2j) can be interpreted as gravitational field, 
determined by the Lagrangian of the form L grav ~ ~~ ^) an< ^ interaction with matter 

described by the Lagrangian L ma tter- In this interpretation, gravity is described by two param- 
eters - the Newton's constant G and the cosmological term A. It is then to modify the left hand 
side of Einstein's equations and write 

1 8nG 
— c 

It is important that in this interpretation, the space-time is treated as curved even in the 
absence of matter, since the equation 

Ra/3 ~ -^9a.pR - = 

does not admit flat space-time as solution. Therefore in this case A— term has the geometrical 
nature - it determines an own constant curvature of the space-time and it is constant - Aq. 
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2 Basic equations 

In fact, it is possible to consider a situation in which both effects can occur. If the matter 
Lagrangian contains energy densities of vacuum, which is proportional to scalar curvature, 
then A— term can change due to the Richi scalar R changes during the evolution. On the other 
side, if the gravitational interaction is described by the Lagrangian of the form —(R — 2A), 
then there is an intrinsic cosmological constant as the primordial own curvature of space-time 
in nature just as there is a Newtonian gravitational constant in nature. Hence, within such an 
approach we will review the universe model with cosmological term which is presented as a 
sum of two terms JTJ). 

In framework of such assumption the Einstein's equations will be have next view: 

R a p ~ 7^g a pR - ^09ap = xT a p - kRg a(3 , (3) 

where x = — — , T a p = (e + p) u a up — pg a p - energy-momentum tensor for a perfect fluid, e is 
the mass-energy density of matter, p is the pressure and u a is the four-velocity of matter. 

We assume the closed homogeneous and isotropic universe and used the Friedmann- 
Robertson- Walker metric: 

d s 2 = c 2 dt 2 - a 2 [t) (d X 2 + sin 2 X (dO 2 + sin 2 d(f) 2 )) . (4) 

In this denotations we have this Friedmann's equations: 



a 2 + c 2 = ^xc 2 a 2 (e + ey) 



■j^xc 2 a(e + 3p — ley) 



(5) 



For our model ((H) from this follows: 



a 2 + fc 2 = -^—a 2 (e(\-k\ -pk • A ° 
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where V{ is determined the equation state selection: v — for zero pressure, v = — for pure 

o 

radiation and v = 1 for limited hard state of a matter. 

From Fridman's equations Q following the principle of energy density changing 

3(l-4fc)(z/ + l) 



ea a = Const, 



a 



1 - 3k(v+l) 

According to different equation of state a is also different, therefore: 



(7) 



3(l-4fc) 

ea i-s* 



eoa 



3(l-4fc) 
l-3fc 



dust: v = 
pure radiation: ^ 
limited hard state of a matter: v = 1 



1 

3 



4 4 

ea = eoa 



(8) 



6(l-4fc) 



£0% 



6(l-4fc) 
l-6fc 



where sq - modern values of the matter density for different kind of matter, ao = — — modern 

-"0 

value of the Hubble radius, Hq = 65 ± 15 ge ^yp g — modern value of the Hubble parameter. 
For next evaluations we are going to consider, that 



ViEi . 



i i 

First of all, lets research a concordance of our model with the data of last observations [Hj: 



type of matter 


relative density Q{q = — 

Pe. 


vacuum 


tt A o = 0.7 ±0.1 


dark matter 


tt D0 = 0.3 ±0.1 


baryon matter 


tt B0 = 0.02 ±0.01 


radiation 


tt R0 = 0.8 • 10~ 4 a ,a^l-rl0 



There 



Pc 



(9) 



Pc 



3H Z 
8ttG 



(0.6 ±0.1) x 10~ 29 -^ 



snr 



(10) 



H = 65 ± 15 



km 
s • Mpk 



Hubble's constant . 



(11) 



Certainly, use this data for our model is an approximation. But, it is a good approximation, 
because now we have very small R ~ A . 

Lets equate any appropriate equations of the systems © and ©. As a result we are taken: 

n = n A0 - k(4n A0 + n m (i - 3v D ) + n B0 ) , (12) 

where up is the parameter of dark matter state's equation. We use p = for a barion matter 
and p = - for a radiation. We don't know a nature of the dark matter, therefore use for it this 
general state's equation. 

Under z = 0.7, allegedly, we have zero acceleration of the Universe [H]. Hence we can obtain 
unknown k. For this equate acceleration under this z to zero, the principle of energy density 
changing is taking into account. As a result we are taken this transcendental equation for k: 

2(3^(1 + u D ) + m B + An R - 4fi A0 - n m (i - 3v D ) - n B0 ) ' 1 > 

where fij = Qio(l + z) Ui . 

For numerical calculations we use two possible state's equations of the dark matter: v B = 0, 
i.e. dust and ud — 1, which is fiting with limit hard state of matter [IB]. For this two cases 
from (IT3l) follows: 

u D = 0=>k = 0.03 , tt = 0.6 

(14) 

v D = 1 =>• k = 0.03 , Q = 0.63 . 

Comment, that we have equal values k within the bounds of modern data. 

c 

For the next calculations we use ao = — , i.e. use hubble's radius. The principle of energy 

Ho 

density changing will be considered to be true for every kind of matter. Then we can evaluate 
A-term as function from a: 
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Figure 1: The dependence of the non-dimensional A-term J7a — 
a dark model, = 0.03 , Sl = 0.6 . 



from the x — — for the barion model of 



For the concerned cases 
v D = =>► A 
1 ==> A 



3fi 


3A; 


(1 -4A;)a 2 


h 1 -4fc 




3A; 


(l-4A;)ao 2 


h 1 - 4fc 



ao 
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7 (To 
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1 - 3k 

i ai - 2 \ 6(1 — 4/c) 



a 1 



0-1 



1 - 6A; 



(16) 
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From (flfi|) it follows, that A-term is positive, when < k < - for the barion model of a dark 
matter and k < for limited hard state. This is means, that limited hard state of a matter is 
requires with value k = 0.03 for a negative A-term in the development of Universe. 

For the purposes of illustrations (fTHj) we make next two plots, which describing the depen- 



dence of the non-dimensional A-term Q\ 



A 



from the x — — . 



With the help of the principle of energy density changing we can write the integral for 

a 



a(t). In non-dimeonsional variables x 



ao 



and t = tHq it has such form: 



dx' 



X 



n 



(17) 
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Figure 2: The dependence of the non-dimensional A-term Q\ — 

xp c c z 

model of a dark model k = 0.03 , f2o = 0.63 . 



from the x = — for the limited hard 

a 



For the two considered models of a dark matter: 
v D = 0=> 

dx' 







\ 



1 - 3k 
1 -4k 



1 - 6k 



X' 



> 2 1-4*;' 



^ = 1 



\ 



1 - 6k 
I -4k 



Vt m x' 



4(1 - 3k) 
l-6k 



I -3k 
I -4k' 



1 - 6k 
Q m x ' I -3k 



n 



X' 



I -4k 



,2 1 
X — 1 



(18) 



The results of numerical calculations of this integrals presents at the following plot. 

Under little x this integrals may be calculate in analytic form and solve to x: 

1 



V D = \ 



x{t) 



1 - 6k 



(19) 



1 -6k 

The results of calculations are reducing to next tables. The table N 2 1 is responding to the 



barion model of a dark matter {k = 0.03 , Qq = 0.6) , N 2 2 - limited hard (k = 0.03 , Qq = 0.63) 




. 5 



1.5 



tH 



o 



Figure 3: The dependence of the non-dimensional variable x — — from the non-dimensional time r = tHo . The 
lower curve is responding to the barion model of a dark matter, k = 0.03 , fio = 0.6 . The high is responding 
to the limited hard model of a dark matter, k = 0.03 , Qq = 0.63 . The medium is responding to the standard 
cosmological model with a flat universe and constant cosmological term. 

Calculations a(t) from t = lCT 43 c to t — lCT 10 c maked with the (|T9j) . for another points we 
use numerical calculations (fTHJ) . 

Notice, that use of our model formula for the A - term is unjustified, when we are speaking 
about the planck time. Therefore, values of the cosmological term and dark matter's densities 
in this times don't have pretensions of irrefragable coincidences with anticipated values. This 
results is used only for illustration of abrupt slump A-term in an Universe's first seconds. Never- 
theless limited hard model of a dark matter assures the more steep inflation stage. Moreover we 
have for the planck time good coincidence with a planck matter density and expected value A- 



term A ~ 10 



63 



-35 r 



until the phase transformation SU (5) — > SU (3) x SU (2)xU(l) , which hap- 



pened at t = 10~ Jo s and T = 10 15 Gev . This features makes this model enough attractive. No- 
tice, that in this model cosmological term is negative until t = 5 • 10 16 s (a(t) = 5.75 • 10 27 sm) . 
Anyway this model expects an additional researches. There notice, that limited hard state of 
a matter is complying with a system of particles with spin 1. The QFT's consideration of this 
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system is showing a many interesting features [IS]. Particularly, the particles in this model re- 
pels, but antiparticles gravitates. The particles which have a spin 1 is gluons and intermediate 
vector bosons. However, this particles are constrained and, consequently, haven't required for 
the limited hard model of a dark matter features. 

Table 1. Barton model of a dark model, k = 0.03 , Qq = 0.6 



t (s) 


a(t), sm 


A = Ao — Krt, sm 


g 

PD , sm a 


1 n-43 
10 


y ■ 10 


/i i n32 
4 • 10 


o 1 n60 
Z • 10 


1 n — 35 
10 


y 


o 1 n20 
y ■ 10 


o • 10 


1 n-10 
10 


o 1 n 13 
O • 10 


/i 1 n — 16 
4-10 


o 1 r»12 
2 ■ 10 


10 


o i n 15 
■ 10 


/i i n— 23 
4-10 


o 1 n5 
Z • 10 


1 n~ 2 
1U 


o 1 nl7 
Z • 1U 


/i 1 n — 27 
4 ■ 1U 


Z 


io- 1 


5- 10 17 


3 ■ IO" 28 


1 


10° 


2 • 10 18 


4 • 10~ 30 


2 • 10~ 2 


10 2 


2 • 10 19 


6 • 10^ 33 


3- 10~ 5 


10 7 


6 • 10 21 


4 • IO" 40 


2 • IO" 12 


10 12 


2 ■ 10 24 


2 • IO" 47 


1Q -19 


10 15 


10 26 


2 ■ 10^ 52 


10 -24 


10 16 


6 • 10 26 


10 -54 


6 ■ IO" 27 


10 17 


2 ■ 10 27 


6 • 10~ 56 


2 ■ IO" 28 


10 18 


y ■ io 27 


2 • 10~ 56 


2 ■ IO" 30 
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Table 2. Limited hard model of a dark matter, k = 0.03 , Qq = 0.63 



t(s) 


a(t), sm 


A = A - kR, sm -2 


g 

PD , sm a 


10~ 43 


2 • 10 9 


-2 • 10 63 


5 • 10 90 


10 -35 


7- 10 11 


-6 ■ 10 46 


2 • 10 74 


10 -io 


4-10 19 


-7- IO" 4 


2 ■ IO 24 


IO" 5 


10 21 


-7- IO" 13 


2 • 10 15 


10~ 2 


9 ■ 10 21 


-5-10- 19 


2 • 10 9 


io- 1 


2 • 10 22 


-3- IO" 21 


9- 10 6 


10° 


4 • 10 22 


-4- 10~ 23 


10 5 


10 2 


2 • 10 23 


-io- 27 


3 


10 7 


6 ■ 10 24 


-3 ■ 10~ 37 


io- 9 


10 12 


2 ■ 10 26 


-5 • IO" 47 


2-10- 19 


10 15 


2 ■ 10 27 


-2 ■ 10~ 53 


6 • IO" 26 


10 16 


4 • 10 27 


-2 ■ 10~ 55 


7.10-28 


10 17 


7-10 27 


2 • 10~ 56 


2 • IO" 29 


10 18 


10 28 


2 • 10~ 56 


2 • IO" 30 



In conclusion we are going to consider the newtonian limit for our model. From jH] we have: 

R% = Ay? ,Tq = T = e = pc 2 , (20) 
where ip is the gravity potential. As result, we take this equation: 

1 — 6k c 2 An , \ 

Aw = 4ttG -p . 21 

The item, which is proportional to Ao, evidently, incidentally for the newtonian limit. There 
we have, however, an important result: renormalization of the gravitational constant. It, as 
coefficient in the action for the gravitational field must be positive. From this we find one more 
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condition k < - or k > - . Our value k = 0.03 belongs to this interval and, moreover, in view 
6 4 

of the fact his smallness, makes the difference between cosmological and newtonian values G 
very small : G]\[ ew t ~ 0.93G. This difference is incidentally too, because another cosmological 
parameters have larger errors, for example, Hubble's constant 1)1 ip. Therefore we don't make 
a difference between renormalized and notrenormalized values of G. 

3 Short conclusions 

1). A model of a closed universe with a time- variant vacuum energy density is proposed. 

2) . It was shown that the presence of a variable A— term alters the evolution of the scale 
factor a in the very early epoch. 

3) . In the context of this model, a severe decrease of the vacuum energy density at the 
primitive stage of Universe's development is explained. The numerical results for the value of 
the A-term agree with theoretical predictions for the early epoch and with recent observation 
data. 

4) Such explanations are speaking about more attractive the limited hard model of a dark 
matter, that requires additional its in-depth study. 

5) As is shown, variable cosmological term is reducing to renormalization of the gravitational 
constant in the newtonian limit. 
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